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Black, brown, and blond hair is composed mostly of eumelanin, and red hair contains almost exclusively 
pheomelanin. Therefore, by analogy to mice, gain-of-function alleles in ASIP might be associated with red hair and 
fair skin, and loss of function with dark hair and skin in humans. 
In mouse melanocytes, the effects of a -MSH on melanogenesis can be attributed to transcriptional activation and 
consequential increases of melanogenesis related enzymes, namely tyrosinase, TRP-1 and TRP-2. However, in 
human melanocytes, those enzymes are relatively unresponsive to a -MSH. There are only slight increases at 
protein levels, and there are no changes at a]1 at mRNA Ievels. Nevertheless, a -MSH dramatically increases in situ 
tyrosinase activity. 
There are several other factors that are though to be invo]ved in melanogenesis. Among those factors is P gene 
product. Although the exact function(s) of P protein is not known, close association of Pgene mutations and human 
albinism as well as phenotypes of mouse p gene mutants suggest that the product of this gene has an important roles 
in melanogenesis. 
Mice with mutations at the microphthalmia (mi) Iocus have some or all of the following defects: Ioss of 
pigmentation, reduced eye size, fai]ure of secondary bone resorption, reduced numbers of mast cells and early onset 
of deafness. MITF, the human homologue of the mouse mi gene, was cloned in 1 994. MITF is predicted to consist 
of 419 amino acid residues and share 94.4% identity with mouse Mi protein, and is closely related to the bHLH-LZ 
family of transcription factors. By transient co-transfection assays, it was found that MITF trans-activates the human 
tyrosinase and TRP-1 promoter. Although MITF binding domain has not been found in Pgene promoter, it has been 
shown in mice that downregulation of MITF is accompanied by down regulation of P gene. 
In this study, I used cultured normal human melanocytes to investigate binding of melanotropins to MCIR and 
downstream events, namely CAMP production, proliferation, melanogenesis, and transcriptional activation of P gene 
and MITF gene. I also investigated the effects of agouti signaling protein on a -MSH induced stimulation of 
proliferation and melanogenesis. 
Chapter I The effects of me]anotropins on normal human melanocytes 
Alpha-Melanocyte stimulating hormone and ACTH have been proven to stimulate proliferation and 
melanogenesis of norrnal human melanocytes both in vfvo and in vitro. To further e[ucidate how those and other 
melanotropins work on melanocytes, I investigated the effects of these melanotropins ( a , p , y -MSH, and ACTH) 
on normal human melanocytes in terrns of their affinity to their receptor, ability to induce CAMP formation, and 
ability to stimulate proliferation and melanogenesis. By Northern blotting, I confirrned that human melanocytes 
express MCIR. MCIR mRNA Ievel was increased by a -MSH. The order of abilities of melanotropins to displace 
I125_NDP- a -MSH that was bound to MCIR (i.e. affinities to MCIR) was a -MSH ;~ ACTH > ~-MSH > y -MSH. 
This order was in consistent with the order of potencies of melanotropins to stimulate CAMP formation, cellular 
proliferation, and fn situ tyrosinase activity. These results suggest that mitogenic and melanogenic effects of 
melanotropins are mediated specifically by binding to and activating the MCIR. 
Although y -MSH had abilities to bind to MCIR and to increase CAMP formation at high concentrations, the 
increased level of CAMP was relatively short lived, and did not result in stimulation of cellular proliferation and 
melanogenesis. These results suggest that it is unlikely that y -MSH has physiological roles in regulation of human 
melanocytes. 
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Chapter 2 Modulation of the effects of a-MSH on normal human melanocytes by agouti signaling 
proteln 
A potential role for the human homologue of agouti-signaling proteln (ASIP) in human pigmentation has not been 
investigated. I investigated the effects of ASIP on proliferation and melanogenesis of human melanocytes in the 
presence and absence of exogenous a -MSH. Binding affinity of ASIP to MCIR was comparable to that of (r -
MSH, suggesting that ASIP has an ability to competitive]y inhibit the binding of a -MSH. Treatment of human 
melanocytes with 10 nM-100 nM recombinant mouse or human ASIP blocked the stimulatory effects of InM a -
MSH on CAMP accumulation, tyrosinase activity, and cellular proliferation. In the absence of exogenous a -MSH, 
ASIP inhibited basal levels of tyrosinase activity and cell proliferation and reduced the level of immunoreactive 
tyrosinase-related protein-1 (TRP-1) without signiflcantly altering the level of immunoreactive tyrosinase. In 
addition, ASIP blocked the stimulatory effects of forskolin or dibutyryl cAMP, agents that act downstream from the 
MCIR, on tyrosinase activity and cell proliferation. These results suggest that ASIP not only has ability to inhibit 
the stimulatory effects of a -MSH by competitively inhibit the binding of a -MSH to MCIR, but may also have 
intrinsic effects to down regulate in situ tyrosinase activity and ceilular proliferation. The ability of ASIP to modify 
melanogenesis of human melanocytes suggests that this factor may have a physiological role in regulation of human 
pigmentation. 
Chapter 3 Role of P gene product in Qf -MSH induced pigmentation 
In this study, a -MSH dramatically increased the amount of P-gene mRNA In a dose dependent manner. The 
increase was obvious after 6 hours of treatment. To see If this increased levels of P-gene mRNA, assumedly 
increased levels of P protein, can explain the high tyrosinase activity induced by a -MSH. I transfected mouse p-
gene cDNA into B16 mouse melanoma cells. Transfection of p-gene CDNA resulted in increased levels of 
tyrosinase and melanin content without altering the amount of the melanogenic enzymes. These data suggest that 
increased amount of P gene mRNA induced by cr -MSH may be at least partially responsible for a -MSH induced 
pigmentation. 
In this study, a -MSH increased MITF mRNA in normal human melanocytes. The increase started earlier than 
that of P gene mRNA and was obvious after 3 hours of treatment. A[though, by co-transfection experiments, MITF 
is known to activate transcription of human tyrosinase and TRP-1 , the increased level of MITF mRNA did not result 
in transcriptional activation of these enzymes. Delayed increase of P gene mRNA s uggests that P gene may be the 
direct or indirect target gene of MITF in a -MSH induced pigmentation. 
Concluding remarks 
This study suggested that a -MSH, ACTH, and /9~MSH but not y -MSH stimulate cellular proliferation and 
melanogenesis of human melanocytes by binding to their specific rcceptor, and that P gene may have important roles 
in a -MSH induced pigmentation. One of the most important characteristics of integumental pigmentation in 
humans is UV induced pigmentation (tanning). Others have reported that keratinocytes secrete a -MSH in response 
to UV irradiation and that immunoreactive a -MSH Ievel is increased in UV irradiated skin. Based on these 
observations, it can be hypothesized that, in the event of tanning responsc, melanotropins are released from 
keratinocytes, bind to MCIR on the surface of melanocytes, then intracellular CAMP Ievel increases, P gene 
expression increases, tyrosinase activity increases, resulting in darkening of' the skin. To corroborate this hypothesis, 






While, in human melanocytes, tyrosinase and TRP-1 are relatively unresponsive to a -MSH, in mouse 
melanocytes, they respond very well to (~ -MSH. In mouse melanocyles, CREB (CAMP responsive element binding 
protein) becomes phosphorylated (activated) in response to a -MSH. However, others have reported that, in human 
melanocytes, a]though a -MSH increases intracellular CAMP Ievels, CREB is not phosphorylated. Further studies 
are required to fill the gap between the intracellular CAMP Ievel and the cellular responses, and to elucidate the 
differential responses of human and mouse melanocytes to a -MSH, 
The importance of ASIP in regu]ation of human melanocytes remains unknown. This study showed that ASIP at 
least has abilities to inhibit the binding of a -MSH and to suppress cellular proliferation and tyrosinase activity. 
Existence or expression of this protein in the skin needs to be demonstrated. Epidemiological, genetical study to 
look for variants in this gene may contribute for solving the question as well. 
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 論文審査の結果の要旨
 鳥類や哺乳類の体色はメラニン産生細胞であるメラノサイトが決めている。この細胞は、周囲の環境
 や自身の遺伝的背景により,様々な色のメラニン色素を合成する。当該の過程を調節するホルモンの作
 用機序は,生体における情報伝達機構を解明するための一つのモデルシステムとして古くから注目され
 てきた。
 鈴木格提出の論文は,ヒトの正常な(癌化していない)培養色素細胞を用いて,色素産生がホルモン
 によって調節される分子機構を解析し報告している。本人は当該細胞を用いた実験系の開発からこの研
 究に関わっており,この系を用いて1)メラノコルチンおよび2)そのアンタゴニストが色素産生また細胞増
 殖に関わる分子機構を考察し,加えて3)α一MSHによって転写活性が亢進される遺伝子の探索から,これ
 まで機能の不明であった遺伝子の色素生合成過程への関与を発見し,その分子機構をも考察している。
 著者はまずこの色素細胞が,受容体としてMC1タイプ(MCIR)を発現していることを確認した。メラノ
 コルチンが示すこの受容体に対する親和性,色素合成誘導能,cAMP合成誘導能,細胞増殖誘導能には相
 関が見られ,活性の高い方からα一MSH≧ACTH>β一MSH>γ一MSHの順であった。この結果はメラノコ
 ルチンが当該受容体を介して情報伝達を行い,色素細胞の機能に影響を及ぼしていることを強く示唆し
 ている。
 次に著者は,マウスではα一MSHのアンタゴニストとして知られているアグチタンパク質が,ヒトの色
 素細胞においても同様の機能を持っていることを初めて確認した。従って皮膚の色素細胞の分布に大き
 な違いのあるヒトとマウスにおいても,当該のホルモンとアンタゴニストは同様の分子機構で機能する
 ことが示唆された。
 続いて著者は,まだ機能のよくわからないP(Pink-eycddnution)遺伝子が,α一MSHによって亢進される
 メラニン合成に深く関わっている可能性を発見した。
 ヒトの正常な培養色素細胞を用いたこれらの成果は多くの点について新しい知見である。その中でも,
 これまで機能解明が待たれていたP遺伝子産物の当該過程への深い関与をも発見したことは高く評価でき
 る。これらのことから,著者の本論文は博士論文として適当であり,また,この論文は著者がこの分野
 において自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。よって,
 鈴木格提出の論文は博士(理学)の学位論文として合格と認める。
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